Abstract: Our understanding of how the phylogenetic tree of fishes might be affected by the ongoing extinction risk is poor. This is due to the unavailability of comprehensive DNA data, especially for many African lineages. In addition, the ongoing taxonomic confusion within some lineages, e.g., Cyprinidae, makes it difficult to contribute to the debate on how the fish tree of life might be shaped by extinction. Here, we combine COI sequences and taxonomic information to assemble a fully sampled phylogeny of the African Cyprinidae and investigate whether we might lose more phylogenetic diversity (PD) than expected if currently threatened species go extinct. We found evidence for phylogenetic signal in extinction risk, suggesting that some lineages might be at higher risk than others. Based on simulated extinctions, we found that the loss of all threatened species, which approximates 37% of total PD, would lead to a greater loss of PD than expected, although highly evolutionarily distinct species are not particularly at risk. Pending the reconstruction of an improved multi-gene phylogeny, our results suggest that prioritizing high-EDGE species (evolutionary distinct and globally endangered species) in conservation programmes, particularly in some geographic regions, would contribute significantly to safeguarding the tree of life of the African Cyprinidae.
Introduction
Evidence that we are losing biodiversity at an unprecedented rate is now piling up (Vamosi and Vamosi 2008; Barnosky et al. 2011; Ceballos et al. 2015) . For example, one-fifth of vertebrate species richness, including 13% of birds, 25% of mammals, 31% of sharks and rays, and 32% of amphibians, are at risk of extinction (Hoffmann et al. 2010; IUCN 2014) . One consequence of species extinction is the disruption of ecosystem functioning and the loss of functional diversity (Erwin 2008 ) that generates the ecosystem services upon which human life relies (MEA 2005) . More concerning is the recent prediction that we risk losing, in only a few centuries, 75% of current vertebrate species (Vamosi and Vamosi 2008; Barnosky et al. 2011) , if drastic measures are not taken.
To inform the decision-making process towards such measures, a great deal of studies of extinction risk has been conducted in recent years, but these studies focus mostly on terrestrial vertebrates (Purvis et al. 2000; Jetz et al. 2004; Davies and Yessoufou 2013; Tingley et al. 2013; Schachat et al. 2016; Tonini et al. 2016; Veron et al. 2017 ). This massive focus on terrestrial vertebrates, particularly mammals, results in a better understanding of not only ecological and evolutionary predispositions of mammals to extinction (Cardillo et al. 2005) , but also how the current extinction crisis might deplete the phylogenetic diversity (PD) accumulated over millions of years on the tree of life (Purvis et al. 2000; Davies 2015) . The general pattern emerging from these studies is that at-risk species tend to cluster on a phylogenetic treephylogenetic signal - (Tonini et al. 2016; Veron et al. 2017 ) and consequently, if clusters of at-risk species go extinct, entire lineages might be lost, thus leading to a disproportionate loss of PD (Purvis et al. 2000; Yessoufou and Davies 2016) . As such, revealing how threatened species are distributed along a phylogeny can guide efforts to prioritise certain lineages in conservation projects. Traditionally, the tests of phylogenetic signal in extinction risk are done on IUCN risk categories (Caddy and Garibaldi 2000) , an approach that ignores the drivers of risk. This approach has recently been proved to mask a bigger picture of phylogenetic basis of extinction risk because different species could be in the same risk category, but the risk may be driven by different causes (Schachat et al. 2016) .
However, as opposed to terrestrial vertebrates, efforts to understand extinction risk patterns in aquatic vertebrates have been weak, particularly from a phylogenetic perspective (see review of Veron et al. 2017) . There is therefore a need to channel more efforts towards filling the knowledge gap in extinction risk in fish group in comparison to the vast knowledge generated for other vertebrates, e.g., mammals, birds, amphibians, and reptiles (Jetz et al. 2004; Davies and Yessoufou 2013; Tingley et al. 2013; Schachat et al. 2016; Tonini et al. 2016; Veron et al. 2017) .
In this context, the present study focuses on the African subset of the freshwater fish family Cyprinidae. In Africa, the diversity of Cyprinidae is relatively well known with 539 described taxa on the continent (Table S1 2 ), and this provides an opportunity to fill the existing knowledge gap on the fish tree of life and risk of extinction. Cyprinidae is the most diverse taxonomic group of freshwater fishes distributed across the world (Nelson 2006; Imoto et al. 2013 ) with 374 genera and 3061 described species globally (Eschmeyer and Fong 2015; Froese and Pauly 2016) . This family is widely distributed across Africa, Europe, and North America (Thai et al. 2007 ) with 26 genera and 539 species found in Africa (Eschmeyer and Fong 2015) . Some species of this family are of economic importance in aquaculture, angling, fisheries, aquarium trade, and many others serve as an essential protein source for humans, in addition to their high values in recreational fisheries (Skelton 2001; Thai et al. 2007; Collins et al. 2012) .
Investigating extinction risk in freshwater ecosystems is important and certainly urgent. For example, the exponential growth of the human population results in unprecedented pressures on natural systems, particularly on freshwater ecosystems in the developing world (Marshall and Gratwicke 1998; Thieme et al. 2005 Thieme et al. , 2013 Dudgeon et al. 2006; García et al. 2010) . As an illustration, the biophysical conditions of 83% of all freshwater ecosystems are seriously degraded owing to the human footprint (Vörösmarty et al. 2010) . The drivers of this degradation include overexploitation, overfishing, dam construction, urbanization, aquarium trade, climate change, and invasive species (Venter et al. 2010; Arthington et al. 2016) . Consequently, freshwater ecosystems have suffered higher species loss than any other terrestrial or marine ecosystems (MEA 2005; Revenga et al. 2005) , and this motivates for more investigations of extinction risk in freshwater systems. Such investigations are expected to focus more on PD as it is more likely that the loss of PD would be more dramatic than that of species richness simply because of the emerging pattern of non-random extinction Veron et al. 2017) .
From this perspective, recent conservation studies have increasingly shifted their focus towards the preservation of the evolutionary history on the tree of life rather than just species richness (Jetz et al. 2004; Tonini et al. 2016; Veron et al. 2017; Faith 2008; Mooers et al. 2008; Thuiller et al. 2011; Billionnet 2012; Yessoufou et al. 2017) . Several evidences justify this recent shift. On one hand, the conservation of evolutionary history or PD leads to the protection of not only a diversity of functions or services (Forest et al. 2007; Veron et al. 2017 ), but also of evolutionarily distinct species (Faith 1992; Winter et al. 2012) . On the other hand, it also leads to the conservation of biodiversity functions that provide currently known and unknown goods and services (Forest et al. 2007; Faith 2008; Faith et al. 2010; Faith and Polloc 2014) . Although there are several metrics to quantify evolutionary diversity, evolutionary distinctiveness (ED, a metric that measures the phylogenetic uniqueness of a species) is one of the most frequently used in recent studies that seek to preserve evolutionary history on the tree of life (Jetz et al. 2004; Tonini et al. 2016; Yessoufou et al. 2017) . This is because ED has been shown to be efficient in capturing most evolutionary history accumulated in a particular tree of life (Redding et al. 2008 (Redding et al. , 2015 , especially when ED values are analysed within a biogeographical framework (Jetz et al. 2004; Daru et al. 2013; Yessoufou et al. 2017 ). In addition, ED metrics also capture broadly the biology of a particular group (Warren et al. 2008; Redding et al. 2010) .
However, as opposed to mammals, reptiles, and birds, how the fish tree of life could be affected by the ongoing mass extinction is poorly understood. This is because of the taxonomic confusion in several lineages, e.g., Cyprinidae (Skelton 2016) . The current taxonomic debate around Cyprinidae is likely to take longer as more DNA data are required, and the laboratory facilities needed to generate these sequences are not always available on the continent. Even in the few laboratories that have such facilities, fish samples for the over 500 African Cyprinidae species are also not available. Given the ongoing extinction crisis, it is critical that we attempt to elucidate how the crisis might prune the fish tree of life on the continent pending further clarification of taxonomic status within the family and the availability of fish samples.
In the present study, our aim is to inform conservation decisions through investigating evolutionary diversity of the fish family Cyprinidae in Africa. Specifically, we assemble a gene tree based on DNA barcodes of the African Cyprinidae, explore how threatened fish species and threat drivers are distributed along the phylogeny, and investigate how the loss of currently threatened fish species would impact the evolutionary diversity on the phylogeny.
Materials and methods

IUCN categorisation of the African Cyprinidae
We compiled the list of the 539 species of African Cyprinidae from Fishbase (Froese and Pauly 2017; accessed March 2017) presented in Table S1 2 . The IUCN status of all the 539 species is as follows (http://www.iucnredlist.org/; accessed September 2016): Least Concern (LC, 253 species), Near Threatened (NT, 13 species), Vulnerable (VU, 51 species), Endangered (EN, 33 species), Critically Endangered (CR, 10 species), Extinct (EX, 1 species), Data Deficient (DD, 137 species), and Not Evaluated (NE, 11 species) (Table S1 2 ). The only species already extinct, Enteromius microbarbis David & Poll, 1937 , was excluded from the analysis.
Threats to fish diversity
Different data on threats were retrieved from the IUCN database (IUCN 2016; accessed September 2016) . These threats were then grouped into the following categories: habitat change, invasive species, pollution, and overexploitation. When a species is under more than one threat category, it is categorised in the group "multiple threats" (Table S1 2 ).
Assembling a fully sampled phylogeny of the African Cyprinidae
We used the recent approach of Thomas et al. (2013) to assemble a complete phylogeny when DNA sequences are not available for all species. This approach requires taxonomic information and DNA data (here COI sequences) with which one can assemble a constraint tree. With regard to DNA data, three types of species (types 1, 2, and 3) are distinguished: type 1 species are species for which we have COI sequences; type 2 species are species for which COI sequences are missing, but they are congeners of type 1; type 3 species have no COI sequences and are not congeners of type 1. In this study, we have 138 type 1 species, 388 type 2 species, and 13 type 3 species. To assemble the constraint tree, an XML file was generated using the COI sequences of the type 1 species (see Adeoba 2018; Adeoba and Yessoufou 2018 for details of the origin and how sequences were compiled) in the program BEAUTi, and this file was used to reconstruct a dated constraint tree based on a Bayesian MCMC approach implemented in the BEAST program. Further, we selected GTR + I + ⌫ as the best model of sequence evolution based on the Akaike information criterion evaluated using MODELTEST (Nylander 2004) . In addition, a Yule process was selected as the tree prior with an uncorrelated relaxed lognormal model for rate variation among branches. Also, we included the COI sequences of the following species used as outgroups and for calibration (He et al. 2008; Tang et al. 2010; Wang et al. 2012 For calibration, following Wang et al. (2012) and Cavender (1991) , the root node of Cyprinidae was constrained to 55.8 million years (Myr, ±0.5), and the split between Tinca and the modern leuciscins was constrained to 18.0 Myr. In addition, the lineage Barbus was calibrated to 13 Ma (±0.5) following Zardoya and Doadrio (1999) . In the process of tree reconstruction, a Yule process was selected as the tree prior with an uncorrelated relaxed lognormal model for rate variation among branches. Monte Carlo Markov chains were run for 50 million generations with trees sampled every 1000 generations. Log files, including prior and likelihood values, as well as the effective sample size (ESS), were examined using TRACER (Rambaut and Drummond 2007) . ESS values were all >200 for the age estimates. We discarded 25% of the resulting 50 000 trees as burn-in, and the remaining trees were combined using TREEANNOTATOR (Rambaut and Drummond 2007) to generate a maximum clade credibility (MCC) tree (our constraint tree).
To integrate the types 2 and 3 species into the constraint tree, a simple taxon definition file that lists all three types of species along with their taxonomic information (here genus names) was formed. Using the con-straint tree and the taxon definition file, a MrBayes input file was first generated as implemented in the R library PASTIS (Thomas et al. 2013) , and then we reconstructed a dated complete phylogeny using MrBayes 3.2. (Ronquist and Huelsenbeck 2003) under a relaxed-clock model with node-age calibrations indicated above. In the 10 000 resulting trees, the topology of species with DNA sequences remains fixed, and the unsampled species (types 2 and 3) were assigned randomly within their genus. In our analyses, we used the 50% consensus of these 10 000 trees, which obviously integrate over the phylogenetic uncertainty of the missing species by collapsing poorly known clades into polytomies. To account for this uncertainty, we used a sample of 100 trees from the posterior to calculate a range of values specifically for some metrics, e.g., ED, EDGE (evolutionary distinct and globally endangered), and PD (see details below in Section Data Analysis). Although we acknowledge that the resulting phylogeny from our tree reconstruction approach may not be suitable for estimating certain variables (e.g., rates of continuous-character evolution), we confidently rely on the recent evidence provided through simulations that the approach remains adequate for assessing branch-length related measures such as diversification rate (Rabosky 2015) , and by extension ED, EDGE, and PD. Also, several studies have employed similar approach to assemble phylogenies used to investigate different types of evolutionary or conservation questions (Isaac et al. 2012; Jetz et al. 2012 Jetz et al. , 2014 Tonini et al. 2016; Yessoufou et al. 2017; Adeoba and Yessoufou 2018) . Our phylogeny is therefore appropriate for creating null models of the distribution of threat status that are conservative with respect to remaining phylogenetic uncertainty.
Data analysis
All analyses were conducted in R (R Core Team 2013), and the R script is provided as Supplemental Information 2 . For each species, IUCN categories were transformed into binary data: 0, when a species is LC or NT (i.e., non-threatened), and 1, when a species is VU, EN, or CR (i.e., threatened). DD and NE species were treated as non-threatened following Adeoba (2018) . Similarly, we coded threat data as follows: 1, when a particular threat is reported for a species; 0, when no threat is reported for a species, and NE, when threat information is missing for a species. NE values were treated firstly as NE = 0 and then NE = 1. The same binary transformation was done for habitat preferences (pelagic, benthopelagic, and demersal) and geographic origin (e.g., West Africa, Central Africa, etc., following https://www.mapsofworld.com/ africa/regions, accessed March 2017) (Table S1 2 ). Next, using the complete phylogeny that we assembled, we applied the D statistic (Fritz and Purvis, 2010) to test for phylogenetic signal in IUCN categories, threat categories, habitat preferences, and geographic origins. When D = 1 for a variable, then this variable is randomly distributed at the tips of the phylogeny; D = 0 corresponds to a BM (Brownian Motion) model; D < 0 signifies high phylogenetic signal, whereas D > 1 signifies that a variable is overdispersed on the phylogenetic tree. We tested for significance of D values using 1000 random shuffling across the tips of the phylogeny.
Further, we assessed how the loss of currently threatened species would impact the tree. To this end, we firstly quantified the total evolutionary history accumulated on the tree using the Faith's (1992) phylogenetic diversity (PD Total ). Then, we calculated PD threatened after pruning all non-threatened species from the tree, allowing us to get the percentage of at-risk PD in relation to PD Total . Next, we simulated the loss of 103 species from the tree by pruning randomly 103 species 1000 times from the tree (103 is the number of threatened species in the dataset). We then calculated each time the PD values of each set of random 103 species (PD random ), and finally, we compared the average of these random PD values to the value of PD threatened (PD threatened is the value of PD corresponding to the species currently threatened).
In addition, we measured the ED (Isaac et al. 2007 ) of each species as the sum of branch lengths from a tip to the root of the tree, divided by the number of tips the branch sustains (also over 100 trees, and mean ED values are reported). Using one-way ANOVA, we tested the correlation between ED Average and IUCN categories of species. This was assessed in three scenarios: (i) we singled out DD and NE species alongside other IUCN categories; (ii) we repeated the same analysis but considered all DD and NE as LC (i.e., non-threatened, following Adeoba 2018); (iii) we grouped IUCN status into non-threatened versus threatened species.
Finally, we ranked all species according to their EDGE Average scores (average over 100 trees), and mapped the spatial distribution of top EDGE Average species. EDGE is computed as [ln(1 + ED Average ) + GE*ln(2)], where ED Average and GE stand for average evolutionary distinctiveness and global endangerment, respectively. GE was coded as follows (Butchart et al. 2005) : LC = 0, NT and Conservation Dependent = 1, VU = 2, EN = 3, CR = 4. In the EDGE calculation, DD species are treated as LC following Adeoba (2018) .
Finally, we mapped the geographic distribution of the top genera in the EDGE-based ranking of fish species. Species occurrence points were downloaded from the IUCN online portal (http://www.iucnredlist.org; accessed February 2017). Top genera were identified based on the number of species each genus has in the top 50 EDGE species. For the mapping, a coverage of African freshwater bodies was used as the basic unit of mapping, by assuming that a species identified in a water body can be spotted at any location within that water body. The distributions cover both water bodies and land surfaces and thus provide rather generic indications; it was therefore necessary to limit the mapping exercise within water bodies only. Overlay analysis was performed to extract fish distributions that fell within inland water bodies of Africa. All map analyses were done using ArcGIS (ESRI ® ArcGIS version 10.5, Redlands, CA).
Results
The gene tree reconstructed based on COI indicates three major subfamilies in Africa, of which the largest is Cyprininae followed by Danioninae and very few representatives of Leucisinae (Fig. 1) . The topology recovered contradicts early reported topologies but is congruent to some extent to the most recent topology (see Discussion).
We found evidence for phylogenetic signal in extinction risk (D = 0.90, P = 0.04*; Fig. S1 2 ). We also found support for signal in the causes of extinction risk but only for over-exploitation (D = 0.91, P = 0.03*), pollution (D = 0.91, P = 0.03*), and invasive species (D = 0.23, P < 0.001***) (Fig. 2) . Also, demersal and benthopelagic (but not pelagic) species are more closely related than expected by chance as well as species in each geographic region (Figs. S2 2 and S3 2 , respectively) .
Furthermore, the total PD accumulated in the fully sampled phylogeny of the fish family Cyprinidae is PD Total = 13.02 billion years (Gy), whereas all currently threatened species represent PD Threatened = 4.783 Gy, i.e., 37% of PD Total . If all threatened species go extinct, we would lose far more PD than expected by chance (PD MeanRandomLoss = 1.351 Gy, confidence interval CI = 1.138-1.586 Gy; Fig. 3) .
The top ED species is Acapoeta tanganicae (ED Average = 97.63 Myr), while Barbus sylvaticus had the lowest ED Average score (8.37 Myr) (Table S1 2 ). In the top 50 ED Average species, the genera Barbus (28%), Labeobarbus (18%), and Labeo (10%) are the most represented in terms of species richness, and 94% of these species are benthopelagic (Table 1 ). In addition, 34% of the top 50 ED Average species are LC, 32% DD, and 14% are VU, and these species are predominantly found in central (34%), eastern (24%), and southern Africa (16%).
Nonetheless, there was no relationship between ED Average and IUCN categories, irrespective of how these categories are treated (one-way ANOVA, P > 0.05; Fig. 4) . However, on EDGE score, it is Barbus boboi that has the highest score (EDGE Average = 6.78), whereas the lowest score was found for B. dorsolineatus (Table S1 2 ). In the top Fig. 1 . A fully sampled phylogeny of the African Cyprinidae color coded depending on threat category (threatened vs. nonthreatened). Outgroups are excluded for analysis purpose. All 50 000 trees generated are available on Dryad Digital Repository: (http://dx.doi.org/10.5061/dryad.k10k8). Data are available upon request addressed to the first author.
Nonthreatened
Threatened 50 EDGE Average score ranking, nine genera are represented (Table S1 2 ), with the genus Barbus being the most dominant (52%) followed by Pseudobarbus (12%), Labeo, and Labeobarbus (10% each). In addition, the overwhelming majority of species in the top 50 EDGE ranking are benthopelagic (88%). In contrast to the top ED Average species that are predominantly found in central Africa, most top EDGE species are distributed in southern (34%), eastern, and western Africa (24%, respectively; Fig. 5 ).
Discussion
This study highlights the utility of combining DNA sequences and taxonomic information to generate phylogenetic hypotheses for conservation studies. Nevertheless, there has been broad concern in the literature about using COI barcodes to construct deep phylogeny. Also, the phylogenetic literature tends to be more supportive of multi-marker phylogenetic hypotheses. However, most recent multi-marker large phylogenies of fishes do not include freshwater fishes (Rabosky et al. 2018) , and most of those that contain freshwater fishes, to our knowledge, exclude African Cyprinidae (Betancur-R et al. 2013) . Pending the completion of the ongoing multimarker cypriniformes tree of life project (http://bio. slu.edu/mayden/cypriniformes/home.html), the present study relies on a COI phylogeny to explore the phylogenetic basis of extinction risk. COI phylogenies have been shown in several studies to be reliable in estimating phylogenetic metrics (e.g., community phylogenetic metrics) in comparison to the same metrics calculated using multi-marker trees (Smith et al. 2014; Boyle and Adamowicz 2015) . Also, in our COI phylogeny, the subfamily Labeoninae is embedded within the subfamily Cy- Density prininae, and this contradicts the topology reported for the family Cyprinidae in earlier studies (Thai et al. 2007; Tang et al. 2009; Zheng et al. 2010) . However, this contradiction is congruent with the most recent treatment of the subfamily Labeoninae (see Yang et al. 2015) . Using this phylogeny, and in line with the general trend of phylogenetic signal in extinction risk (Tonini et al. 2016; Yessoufou and Davies 2016) , we found evidence that extinction-prone species are more closely related than expected by chance (but see Jetz et al. 2004 for birds). Consequently, if at-risk species slide to extinction, we risk losing entire clades and a great amount of evolutionary history. In particular, fish species threatened by over-exploitation, pollution, and invasive species are the most closely related, suggesting that either closely related species are sensitive to similar threats or co-occurring threatened species are simply exposed to similar threats. Both explanations are plausible as we also found a phylogenetic signal in habitat preference and geographic origin of occupancy of species. From a conservation perspective, our findings imply that, if actions are not taken on time, over-exploitation, pollution, and invasive species may drive phylogenetically close species to extinction across the continent.
The first concern about these findings is that we risk losing more PD than expected if closely related species go extinct. We explored this eventuality on the tree of life of the African Cyprinidae. We found that the African Cyprinidae represents more than 13 Gy of PD, and that if all currently threatened species slide to extinction, we would lose ϳ5 Gy of PD, representing ϳ37% of total PD of African Cyprinidae. The loss of 37% of total PD is illafforded in the context of multiple and persistent calls to preserve evolutionary diversity rather than just species richness (Jetz et al. 2004; Pellens and Grandcolas 2016) . These calls are motivated by increasing evidence that preserving evolutionary diversity is necessary to maintain the diversity of ecosystem functions (Forest et al. 2007; Veron et al. 2017) , the conservation of rare and unique species (Faith 1992; Winter et al. 2012) , and, more critically, for the maintenance of a sustainable delivery of known and hidden goods and services (Forest et al. 2007; Faith 2008; Faith et al. 2010; Faith and Polloc 2014) .
As expected from clustered threatened species, we found that the amount of at-risk PD is far greater than expected under a scenario of random loss. This could only be explained by the fact that the loss of clustered threatened species may drive the loss of a greater number of phylogenetic branches within some clades, thus heightening the possibility of losing entire clades and therefore more PD than expected (see Davies and Yessoufou 2013) . To avoid such loss, recent studies call for the prioritization of high-ED species (Jetz et al. 2004; Redding et al. 2008 Redding et al. , 2010 Redding et al. , 2015 Warren et al. 2008; Daru et al. 2013; Tonini et al. 2016; Yessoufou et al. 2017) . Our study provides for conservation biologists and decision- Fig. 3 . Comparison between observed (vertical red line) and random losses (frequency histogram generated from 1000 random replicates) of phylogenetic diversity (PD) from the tree of life of the African Cyprinidae. Observed loss is the PD that will be lost if all threatened species go extinct. makers a ranking of all the African Cyprinidae based on their ED scores. In this ranking, Acapoeta tanganicae is the top priority for conservation. The species A. tanganicae is endemic to the Lake Tanganyika and the Rusizi River in Burundi, Democratic Republic of the Congo, Tanzania, and Zambia. It is found in inshore waters over rocky substrates and in major fast-flowing rivers (Ntakimazi 2006) where it feeds on insects, ostracods, diatoms, worms, and aufwuchs (Ntakimazi 2006) . Although A. tanganicae is IUCN-categorized as LC, overexploitation has been reported as a major threat to the species, and no known conservation measures are taken so far (Ntakimazi 2006) . Because A. tanganicae tops the list of high-ED species, we call for urgent regulated exploitation in the countries where the species occurs. In addition, the top 50 species in ED score are mostly Enteromius, Labeobarbus, and Labeo in central, eastern, and southern Africa, making these regions the focus for conservation projects. However, the fact that 34% of these priority species are DD calls for renewed efforts to elucidate the IUCN threat status of species, at least for those that deserve urgent conservation measures.
Our study further provides opportunity to explore how ED scores of vertebrates are distributed across IUCN Red List categories. Here, our result of no relationships between ED and IUCN categories of fish mirrors what has been reported for other vertebrate lineages (e.g., mammals (Arregoitia et al. 2013 ), birds (Jetz et al. 2004 ), reptiles (Tonini et al. 2016) ), thus suggesting that evolutionarily distinct vertebrates are not particularly threatened. From a conservation perspective, this is an interesting finding as sets of high-ED species represent huge evolutionary diversity (Redding et al. 2008 (Redding et al. , 2015 .
Furthermore, the integration of ED and IUCN Red List categories provides a better scoring system, known as EDGE scores, for species prioritization in conservation projects (Huang et al. 2011) . The Zoological Society of London (ZSL) is championing a global conservation campaign informed by EDGE scores. The focus of the campaign has been on mammals, amphibians, birds, and reef coral species (Jetz et al. 2004; Isaac et al. 2007 Isaac et al. , 2012 Collen et al. 2011; Huang 2012) . For marine fish, an EDGE prioritization effort for sharks is currently underway (EDGE 2015); our study complements this global effort with an EDGE ranking of 539 species of the African freshwater Cyprinidae. Our ranking indicates that the species Enteromius boboi has the highest score, whereas the lowest score was found for Enteromius dorsolineatus. Enteromius boboi shares a large number of scales and long barbels with many other species of Cyprinidae but is unique with its large blotch at the end of the caudal peduncle and the downward flexion of the lateral line below the dorsal fin (Entsua-Mensah 2010). In addition, E. boboi occurs only in one river, the River Farmington in the Gibi Mountains in Liberia (West Africa). Although it is reported to be threatened by deforestation and mining activities, there is unfortunately no available data on the trend of its population, and worse, there are no known conservation measures ever put in place to prevent this CR species from sliding to extinction (Entsua-Mensah 2010). Our finding that E. boboi scores highest in EDGE ranking among the African Cyprinidae calls for an urgent need for conservation projects targeting this at-risk species. Nonetheless, species in nine genera are represented in the top EDGE list, including Enteromius, Pseudobarbus, Labeo, and Labeobarbus as the most dominant in terms of species richness. We mapped their geographic distributions to aid conservation decisions. These top EDGE species are native to southern (Lesotho, Malawi, Mozambique, and South Africa), eastern (Ethiopia, Kenya, Rwanda, Tanzania, and Uganda) and western Africa (Cote d'Ivoire, Guinea, Liberia, and Sierra Leone). We call for conservation biologists in these countries and around the world to prioritize species in the top EDGE list provided in this study for the African fish in their conservation agenda. In summary, we assembled a gene tree of the African Cyprinidae, allowing us to fill the knowledge gap of how extinction risk in the group might deplete PD of African Cyprinidae. We found that at-risk species that are phylogenetically closely related are facing similar threat, and this is more likely because these species co-occur in the same geographic regions or same habitat (e.g., benthopelagic vs. demersal). We also found that threatened species are clustered on the phylogeny, and this may lead to a disproportionate loss of PD in comparison to random expectation. Furthermore, we ranked all species based on the urgency for conservation based on ED and EDGE scores, and further indicated the geographic areas of distribution of the species that top the prioritisation scores. Overall, our results suggest that conserving freshwater ecosystems, regulating the exploitation of resources, and prioritizing high-EDGE species in conservation programmes, particularly in Lesotho, Malawi, Mozambique, South Africa, Ethiopia, Kenya, Rwanda, Tanzania, Uganda, Cote d'Ivoire, Guinea, Liberia, and Sierra Leone, would contribute significantly to safeguarding the PD of the African Cyprinidae. Finally, the results reported here should be interpreted bearing in mind that a more comprehensive multi-gene phylogeny is required for a better understanding of the phylogenetic pattern of extinction risk, given that we only used a gene tree based on COI in the present study.
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